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tor decades, conventional on-pump coronary bypass sur-
gery (ONCAB) has been the gold standard for coronary
evascularization. The efficacy and safety of ONCAB has been
ell documented across a large spectrum of surgeons and
atient populations. However, the aortic manipulation,
lobal myocardial ischemia requiring myocardial protection,
nd the systemic inflammatory response associated with car-
iopulmonary bypass (CPB) are avoided during off-pump
oronary bypass surgery (OPCAB).
Although recent studies have debated the results of OP-
AB, OPCAB may still provide improved outcomes in se-
ect patients. Nonetheless, broad adoption of OPCAB has
eached a plateau nationwide for the past several years.
urgeons participating in the Society of Thoracic Surgeons
atabase only performed 20% of isolated primary coro-
ary artery bypass grafting using OPCAB techniques in
008. Although the reason OPCAB has not gained more
idespread use is likely multifactorial, there has been re-
uctance among some surgeons due to the technicalities of
erforming difficult distal anastomoses in patients with
ultivessel disease.
Recently, improved OPCAB techniques, including coro-
ary stabilization, distal target visualization, and anesthetic/
emodynamic management, have made this highly technical
urgery accessible to most surgeons. This article serves as a
eneral overview of OPCAB techniques performed at our
nstitution. Although the illustrations provide a general lay-
ut of the techniques of OPCAB, success with the technique
elies on the choreographed actions between the entire oper-
tive team.
reoperative Considerations
nlike ONCAB, where graft sequence and hemodynamic
anagement are relatively straightforward, OPCAB re-
uires careful consideration of coronary anatomy, con-
ounding patient variables, and attention to hemodynamic
uctuations.
The preoperative evaluation is essentially the same as
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doi:10.1053/j.optechstcvs.2010.08.005NCAB. However, the clinical condition of the patient,
he urgency of the operation, and the ventricular function
eed to be carefully assessed to determine whether an
ff-pump approach will be feasible. Patients with ventric-
lar dysfunction, arrhythmias, valvular disease, dilated
ardiomyopathies, and pulmonary hypertension may have
ramatic hemodynamic fluctuations during OPCAB posi-
ioning.
Careful assessment of the cardiac catheterization is imper-
tive. When planning for OPCAB, attention needs to be paid
o the collateralizing vessels, intramyocardial vessels, size of
he distal targets, the degree of stenosis, and the number of
ateral wall vessels requiring grafting. As a general rule, the
ollateralized vessel is grafted first and the collateralizing ves-
el grafted last to prevent large areas of ischemia during graft-
ng.
In our experience, an experienced anesthesia team is
ssential to maintaining stable hemodynamics and the
uccess of OPCAB. Dramatic fluctuations in hemodynamic
tatus that can have detrimental consequences can be
ompletely avoided preemptively with appropriate com-
unication between anesthesiologist and surgeon. When
anipulating the heart, it is important for the surgeon to
ommunicate these abrupt maneuvers to the anesthesia
eam so that appropriate action can be taken and inappro-
riate reactions avoided. Changes in table position (Tren-
elenberg) can provide dramatic volume changes that af-
ect cardiac output and blood pressure, which may allow
or proper cardiac positioning without pharmacologic
upport.
perative Technique
fter the induction of anesthesia, patients are positioned,
repped, and draped in an identical fashion to an on-
ump procedure. At our institution, patients receive an
spirin rectal suppository (1000 mg) after induction. The
ost common approach is via median sternotomy. Endo-
copic radial artery and saphenous vein conduits are har-
ested simultaneously during internal mammary artery
arvest. It is our practice to administer 5000 Units of
eparin before endoscopic vein harvest to minimize
hrombus formation within the conduit during the har-
est. After single or bilateral internal mammary artery har-
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Off-pump coronary artery bypass 187est, the full heparin dose is administered and the arterial
onduits are divided distally.
It is essential to free the left lateral pericardium from the
iaphragm to allow the pericardium to be retracted to
isplace the heart and effectively expose the lateral wall of
he left ventricle. Several pericardial traction sutures are
laced to assist with exposure and lateral displacement of
he heart. To avoid compression on the right heart during
ateral displacement, the right pericardium can be dis-
ected along the diaphragm or the right pleural space
pened widely to allow the heart to fall into the right chest
uring lateral displacement.
An important traction suture is the “deep stitch,” which
s placed approximately two thirds of the way between the
nferior vena cava and left pulmonary vein at the point
here the pericardium reflects over the posterior left
trium. Care should be taken with placement of this suture
o avoid the underlying structures. This suture should be
overed with a soft rubber catheter to prevent laceration of
he epicardium during retraction. The purpose of the
Figure 1 The anterior wall vessels allow the easiest exposu
traction sutures are relaxed while the deep stitch is retra
of the chest. These vessels often require only the coronar
along either the cranial or the caudal aspect of the left sid
placed out of the way of the surgeon’s operating hand
anterior descending coronary artery.deep stitch” is to elevate the heart up and out of the chest. chen this suture is retracted toward the patient’s feet, it
levates the heart toward the ceiling and points the apex
ertically with remarkably little change in hemodynamics.
hen retracted toward the patient’s left side, the heart
otates from left to right, exposing the lateral wall vessels.
ariable tension on this stitch will enhance exposure to
oth the anterior and the lateral wall. Occasionally, a
arm moist laparotomy pad can be placed between the
eart and the “deep stitch” to assist with elevating the heart
ut of the pericardium.
The keys to successful OPCAB are to establish adequate
ardiac position to facilitate target visualization and maxi-
ize target stabilization. Cardiac positioners and stabilizers
ave greatly increased the ability tomanipulate the heart with
inimal hemodynamic compromise. Two different systems are
outinely used in our institution, theMedtronic Octopus Tissue
tabilizer and Starfish or Urchin Heart Positioner (Medtronic,
nc, Minneapolis, MN) and the Maquet ACROBAT stabilizer
nd XPOSE positioner (Maquet GMBH & Co, Rastatt, Ger-
any). Figures 1-6 illustrate the most common positions ac-
little hemodynamic compromise. The right pericardial
feriorly toward the left, allowing the apex to elevate out
lizer for adequate exposure. The stabilizer is positioned
e retractor away from the surgeon. The retractor arm is
vent interference during the anastomosis. LAD  leftre with
cted in
y stabi
e of th
to preording to distal target location.
188 R.J. Myung, M.E. Halkos, and J.D. PuskasFigure 2 For the distal right coronary targets, the cardiac positioner is usually locked on the surgeon’s side at the most
cephalad location of the retractor. The positioner is placed on either the acutemargin of the heart and directed cephalad
or the apex and directed superiorly. This position is generally well tolerated in most patients. Hypotension can usually
be treated by improving venous return with relaxation of right pericardial traction and Trendelenburg positioning. The
coronary stabilizer can then be placed on opposite side of the retractor pointing inferiorly toward the target vessel.
PDA  posterior descending artery.
Off-pump coronary artery bypass 189Figure 3 For anterolateral targets, the positioner is placed on the apex of the heart. The apex of the heart should be
directed to the surgeon’s right shoulder. Again, right-sided pericardial traction sutures are released. The stabilizer can
be positioned on either cephalad or caudad portions of the left side of the retractor.
190 R.J. Myung, M.E. Halkos, and J.D. PuskasFigure 4 Branches of the circumflex located on the lateral wall often present the most challenges to the surgeon.
Hemodynamic compromise however can be minimized with advanced preparation. The patient can be optimized
before positioning with adequate volume loading, Trendelenburg positioning, and judicious use of pressors. Again,
right-sided pericardial traction sutures are released. Additional rotation can be obtained by a transverse incision
through the right pericardium to allow the heart to rotate into the right pleural space. The deep stitch is retracted to
facilitate additional rotation. The positioner is placed on the apex and directed superiorly or toward the surgeon’s right
shoulder, allowing exposure to the lateral wall. Additional visualization can be obtained with a decrease in tidal volume
or additional pericardial traction sutures along the left side. The stabilizer can be directed from either side of the
retractor and directed inferiorly.
Off-pump coronary artery bypass 191Figure 5 The intricacies involving conduit and target selection and graft strategies are beyond the scope of this
discussion. However, as a general rule, all anastomoses can be successfully performed with any conduit using
OPCAB techniques. Preparation for the distal anastomosis is generally the same regardless of location once the
heart is positioned and stable hemodynamics are assured. A soft silastic retractor tape mounted on a blunt needle
(Retract-o-tape; Quest Medical, Inc, Allen, TX) is placed widely around the proximal vessel for transient occlu-
sion. The anastomosis is created in the usual fashion as with ONCAB. The field is kept free of blood with a
humidified CO2 blower (DLPp; Medtronic, Inc, Minneapolis, MN). Chronically occluded vessels that have
collateral and/or retrograde flow may prevent adequate visualization requiring an intracoronary shunt. Additional
bleeding into the field can be controlled with another retractor tape distally, a MyOcclude device (United
States Surgical Corporation, Norwalk, CT), or an intracoronary shunt. LAD  left anterior descending coronary
artery.
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192 R.J. Myung, M.E. Halkos, and J.D. PuskasUnlike ONCAB, manipulation of the aorta can be com-
letely avoided. Avoiding partial clamping during proxi-
al anastomoses can be achieved by performing proximal
nastomoses to in situ arterial grafts, or using proximal
lampless occlusion devices. This may be particularly rel-
vant in patients with advanced aortic atheromatous dis-
ase detected by epiaortic ultrasound. In addition, proxi-
als can be created first, allowing reperfusion of
erritories as distals to be completed. Commercially avail-
ble devices available for clampless proximal anastomoses
nclude the Heartstring III (Maquet Cardiovascular LLC,
an Jose, CA) or PAS-Port Proximal Anastomosis System
Cardica Inc, Redwood City, CA).
Finally, after the completion of all anastomoses, protamine
s given to reverse anticoagulation. The chest is closed in a
outine manner with the exclusion of temporary pacing wires
f the patient did not require pacing during the procedure.
he remainder of the postoperative care is similar to ONCAB
Figure 6 The creation of proximal anastomoses is r
completed. Epiaortic ultrasononography is utilized in
the ascending aorta. In preparation for an aortic clam
Once the clamp is applied, aortotomies are created wi
then performed in a manner similar to ONCAB. Before
aorta is de-aired through the proximal anastomosis. A
with a 25-gauge needle. Arterial grafts are not pun
removal.ith the exception of aspirin 81mg and Clopidogrel (150mg nostoperatively, then 75 mg/d), which are routinely admin-
stered early in the postoperative period after mediastinal
rainage decreases below 100 mL/h for 4 hours. This has not
een associated with an increased risk of mediastinal reex-
loration andmay theoretically mitigate the risk of early graft
hrombosis.
onclusions
lthough technically more demanding than ONCAB, OP-
AB patients avoid the potentially deleterious consequences
ssociated with CPB, which may improve outcomes in select
ircumstances. In our institution where approximately 80%
f coronary bypass procedures are performed off-pump, we
ave found OPCAB to be beneficial to historically high-risk
roups such as women, patients with compromised cardiac
unction, and the elderly. These patients often have a high
revalence of comorbidities exacerbated by CPB, such as re-
ly straightforward once all distal anastomoses are
tients to assess the extent of atheromatous disease in
systolic blood pressure is lowered to 95 mm Hg.
-mm aortic punch device. Proximal anastomoses are
down the last proximal, the clamp is released and the
e suture is tied down, the vein grafts can be de-aired
but are allowed to bleed backwards before clampelative
all pa
p, the
th a 4.0
tying
fter th
cturedal insufficiency, pulmonary disease, or cerebrovascular
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Off-pump coronary artery bypass 193isease. Similarly, improved outcomes were found to be at-
ributable to OPCAB for secondary endpoints including re-
peration for bleeding, renal failure, prolonged ventilator
ependence, prolonged postoperative length of stay, and
eep sternal wound infection.1 However, regardless of the
pproach selected, patients referred for surgery should
ndergo complete revascularization, and the precisionnd quality of the anastomosis must not be compromised
imply to avoid CPB.
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